Background Docetaxel and oxaliplatin are active agents for advanced gastric cancer (GC). The combination of these two drugs in a triweekly schedule is an active and attractive regimen for gastric cancer but with significant hematological toxicities. A multicenter phase II study was designed to establish an active regimen with good tolerability by using a weekly docetaxel-oxaliplatin (DO) combination in GC patients.
Methods Eligible patients had histologically confirmed stage IV gastric cancer without previous palliative chemotherapy; age C18 years; Eastern Cooperative Oncology Group (ECOG) performance status B2; at least one measurable lesion; and adequate hematological, renal, and liver functions. All patients received premedications with dexamethasone and 5-HT3 antagonist before the chemotherapy. Docetaxel (Taxotere Results From May 2007 to December 2008, a total of 47 patients were enrolled. There were 8 females and 39 males with a median age of 57 years (range . Forty-three patients were evaluable for response. Two patients obtained a complete response (4.7%) and 12 patients had a partial response (27.9%), with an overall response rate of 32.6% (95% confidence interval [CI] 19.1-48.5); 20 patients experienced stable disease (46.5%), and the disease progressed in 9 patients (20.9%). Median time to disease progression was 4.2 months and median overall survival was 8.3 months. All 47 patients were assessable for toxicity. Major grade 3/4 hematological toxicities were anemia (5 patients, 10.6%), neutropenia (2 patients, 4.3%), and leukopenia (1 patient, 2.1%). The most common grade 3/4 nonhematological toxicities were fatigue (3 patients, 6 .4%) and aspartate aminotransferase (AST) elevation in 3 patients (6.4%). Conclusions The combination of weekly DO demonstrated a well-tolerated profile with moderate activity in the
Introduction
Gastric cancer is one of the leading causes of cancer death worldwide [1] . Surgery is the only curative treatment for localized disease, but the 5-year overall survival (OS) rate remains dismal for patients with advanced or metastatic disease [2] . Systemic chemotherapy is often used in patients with advanced or metastatic disease, since it has been associated with a significantly superior median survival and a better quality of life in comparison with best supportive care alone [3] . However, the prognosis for advanced disease is still poor, with a 5-year survival of \10%, and chemotherapy in this setting remains palliative. At present, cisplatin (CDDP)-based and 5-fluorouracil (5-FU)-based regimens are commonly used [4] . Although these regimens yield significant response rates (up to 50%), the median time to progression (TTP) and median survival are consistently modest, at around 4-5 and 8-11 months, respectively. The development of new chemotherapeutic regimens to achieve a higher tumor response rate and better toxicity profiles is urgently needed [4] . Docetaxel (D), a mitotic inhibitor, is an active agent in several solid malignancies, including non-small cell lung cancer, breast cancer, and head and neck cancers [5] . It has also been shown to have promising activity in advanced gastric cancer, with a single-agent response rate of 17-24% in the front-line setting [6, 7] . In a randomized phase III trial (V325 study) involving 457 patients, the combination of D 75 mg/m 2 plus CDDP 75 mg/m 2 on day 1 plus 5-FU 750 mg/m 2 /day by continuous intravenous infusion over 5 days every 3 weeks (DCF) was compared with CDDP 100 mg/m 2 on day 1 followed by 5-day infusion of 5-FU 1000 mg/m 2 /day every 4 weeks (CF) [8] . The median TTP was longer with DCF compared to CF (5.6 vs. 3.7 months; risk reduction 32%; log-rank p = 0.0004). With a median follow-up of 23 months, OS was improved with DCF (risk reduction 23%, log-rank p = 0.0201), with a 2-year survival of 18% with DCF versus 9% with CF. The response rate with DCF (37%) was superior to that with CF (25%; p = 0.0106) [8] . The V325 study demonstrated that adding D to a frequently used regimen of CDDP and 5-FU (CF) provided benefits with regard to OS, response rate, time-todisease progression, clinical benefit, and health-related quality of life. Although the DCF regimen provides these advantages, it is accompanied by an increase in toxicity compared with the doublet regimen. More recently, weekly administration of D at doses of 36-42 mg/m 2 /week has been used increasingly because of its lesser myelosuppression than the triweekly schedule [9] . Only 10-20% of patients receiving a weekly schedule of D developed grade 3 or 4 neutropenia. A phase III study in non-small cell lung cancer showed that weekly D had a less toxic profile than a triweekly schedule and the efficacy was similar to that of a triweekly schedule [10] . In a phase II study of weekly D reported by Graziano et al. [11] , 36 mg/m 2 /week as second-line therapy for patients with gastric cancer showed activity with low bone marrow toxicity. Therefore, weekly D may offer a new therapeutic option in gastric cancer due to its improved therapeutic index.
Oxaliplatin (OXA) is a third-generation platinum compound that has a wide range of antitumor activities. Compared with CDDP, OXA appears to have a better safety profile, and cross-resistance to CDDP is minimal [12] . A phase III study from United Kingdom (REAL-2 trial) suggests that substituting OXA for CDDP may result in a more effective and well-tolerated combination [13] . A study by the Arbeitsgemeinschaft Internistische Onkologie (AIO) was designed to compare FLO [5-FU, leucovorin (LV), and OXA] with FLP (5-FU, LV, and CDDP) in patients with advanced gastric cancer [14] . The result showed that FLO had reduced toxicity as compared with FLP. In older adult patients, FLO also seemed to be associated with improved efficacy.
From the literature, there is a strong rationale for administering OXA and D in combination for gastric cancer. These agents have distinct and complementary mechanisms of action, potential lack of cross-resistance, and different toxicity and favorability profiles. To date, several phase II trials have been conducted to assess the potential of triweekly docetaxel-oxaliplatin (DO) combinations in advanced gastric cancer [15] [16] [17] . The US Oncology Group study (n = 71) showed an overall response rate of 47% with first-line D 60 mg/m 2 on day 1 plus OXA 130 mg/m 2 on day 1 every 3 weeks until progression, but with a significant incidence of hematological toxicity (68% grade 3/4 neutropenia and 6% febrile neutropenia) [15] . DO represents a promising new combination for gastric cancer chemotherapy and we want to establish an optimal treatment regimen based on this combination. The logical next step is to establish a more tolerable dosing schedule based on this combination. With these profiles described above, it appears that a combination of weekly DO may be an effective and well-tolerated regimen for advanced gastric cancer. Currently, no literature has provided experiences in this combination setting.
The dosing selected for this trial was based on the dose equivalence in the US Oncology Group Study [15] . The dose-intensity (DI) of D 30 mg/m 2 on days 1 and 8 every 3 weeks is as the same as that of 60 mg/m 2 day 1 every 3 weeks, while the dose-intensity of OXA 65 mg/m 2 on days 1 and 8 every 3 weeks is as the same as that of 130 mg/m 2 day 1 every 3 weeks. This forms the rationale of the current phase II study. Herein, we report our study results.
Patients and methods

Eligibility criteria
Eligibility criteria were as follows: patients had to have a histological or cytological diagnosis of gastric adenocarcinoma with metastatic disease. Patients had to be C18 and B75 years of age and have an Eastern Cooperative Oncology Group (ECOG) performance status score of B2. Patients had to have recovered from recent surgery (procedure at least 2 weeks prior to enrollment) or radiotherapy (completed at least 4 weeks prior to enrollment) and to have not had any palliative chemotherapy. Patients with previous adjuvant and/or neoadjuvant chemotherapy were eligible if they had not been treated for more than 6 months between the end of the adjuvant chemotherapy and the first relapse. Patients had to have at least one measurable lesion at enrollment. Measurable lesions were defined as lesions that could be measured in at least one dimension as C20 mm with a conventional technique or as C10 mm with spiral computed tomography (CT). Previously irradiated lesions were not considered measurable target lesions. Patients were allowed to complete their initial work-up within 2 weeks prior to receiving the first cycle of chemotherapy in this trial.
Patients had to show baseline eligibility in laboratory tests as follows: neutrophils C1500/L, platelets C100,000/ L, serum creatinine B1.5 9 upper limit of normal (ULN), total bilirubin B1.5 9 ULN, SGOT and SGPT B2.5 9 ULN (B5.0 9 ULN if hepatic metastasis was present). Finally, patients had to complete an informed consent form before entering the study. This study enrolled patients at four branches of the Chang Gung Memorial Hospital in both northern and southern Taiwan. This study was approved prior to implementation by the Scientific and Research Ethics Committees of the participating institutions.
Exclusion criteria
Patients with the following conditions were excluded: life expectancy \3 months, had central nervous system metastasis, had bone metastasis only, pregnant or breastfeeding, clinically detectable peripheral neuropathy more than grade 2 due to any causes, concomitant illness that might be exacerbated by chemotherapy, active cardiac disease within 6 months preceding entry to the study (e.g., angina or myocardial disease), history of other malignancy except for curatively treated non-melanoma skin cancer or cervical carcinoma in situ, mental status unfit for clinical trials, or hypersensitive to any components of this chemotherapeutic regimen. Table 1 . Treatment was continued until objective evidence of disease progression was obtained, protocol noncompliance was established, or an individual patient wished to withdraw from the study at his/her own request or if an investigator felt that patient withdrawal was in the patient's best interest (for example, if surgery became acceptable).
Study evaluation
Tumor response was evaluated after every two courses of chemotherapy according to the Response Evaluation Criteria in Solid Tumors (RECIST) Guidelines [18] . Adverse events were to be recorded throughout the study, and were graded based on the National Cancer Institute Common Toxicity Criteria (NCI-CTC, version 3, 2003).
Statistical considerations
The primary endpoint was the response rate. Secondary endpoints were TTP, OS time, and drug-related toxicity. TTP In the case of febrile neutropenia or grade 3-4 neutropenic infection or grade 4 neutropenia, both docetaxel and oxaliplatin doses will be reduced by one level. If grade 4 thrombocytopenia or grade 3 thrombocytopenia with concomitant bleeding occurs, docetaxel and oxaliplatin should be reduced by one dose level. If any grade 3 nonhematological toxicity occurs (except for nausea/vomiting and alopecia), the doses of docetaxel and oxaliplatin should be reduced one level down for all subsequent cycles. All patients were only allowed 2 dose reductions Dose delays are based upon counts on the scheduled day of treatment. A cycle will be considered as ''delayed'' if it cannot be started on day 21 ± 3 days. If there is no recovery within 2 weeks' delay, the patient will be considered off the study treatment Docetaxel and oxaliplatin for GC 51 was defined as the period from the first day of drug treatment to the date when progressive disease or relapse was clearly documented. OS represented the number of days until death from any cause. Safety variables included toxicity grading, adverse events, and laboratory values. Simon's optimal twostage design was used to allow early termination if sufficient evidence of non-effectiveness was collected. The combination regimen of docetaxel plus oxaliplatin (DO) will be considered ineffective if the proportion of response is 20% or lower, and will be considered worthy of further study if the proportion of response is 40% or higher. Controlling the risk of accepting this treatment regimen when it is ineffective to be at most 20%, 13 patients will be enrolled in the first stage.
If three or fewer objective responses are observed, the study will be terminated. Otherwise, an additional 30 patients will be accrued in the second stage. The treatment regimen will be rejected if 12 or fewer objective responses are observed in at least 43 patients. With an estimated dropout rate of 10%, 14 patients and 33 patients will be enrolled in the first stage and second stage, respectively.
Results
Patient characteristics
A total of 47 patients were enrolled from May 2007 to December 2008 at three sites. Of the 47 eligible patients, there were 8 women and 39 men (median age 57 years; range 26-76). Patient characteristics are shown in Table 2 . There were 220 treatment cycles in total, with the median number of cycles being 4 (range 1-10). There were 40 instances of treatment delays in 17 patients during the 220 cycles. The relative DIs of OXA and D were 40.97 mg/m 2 / week (94.6%) and 18.8 mg (94.7%), respectively. The dose level was reduced for OXA in 4 patients on 5 occasions and it was reduced for D in 5 patients on 6 occasions during the treatments.
Efficacy
By the end of December 2009, all participants had finished receiving the study treatment. Four patients were not evaluated for response before the first response evaluation: one died of cancer-related gastrointestinal (GI) bleeding; one patient died of chronic bronchitis with secondary pneumonia; one patient suffered from acute appendicitis; and one patient withdrew from the study. Forty-three patients were evaluable for response. Two patients obtained a complete response (4.7%) and 12 patients had a partial response (27.9%), with an overall response rate of 32.6% (95% confidence interval [CI] 19.1-48.5%); 20 patients experienced stable disease (46.5%), and the disease progressed in 9 patients (20.9%). Median time to disease progression was 4.2 months and median OS was 8.3 months. The 1-year survival rate was 32%. The most common causes for discontinuation from the study treatment were disease progression in 21 patients (44.7%), adverse events in 16 patients (34%), and investigator direction in 6 patients (12.8%); 4 patients (8.5%) were lost to follow-up (Table 3 ).
Adverse events
All 47 patients were assessable for adverse events (Table 4) . There were 2 early deaths after the first treatment. The most common hematological toxicity was anemia and the most common non-hematological toxicity was fatigue. The most common grade 3/4 toxicity was anemia (5/47, 10.6%), followed by fatigue (3/47, 6.4%), liver (3/47, 6.4%), neutropenia (2/47, 4.3%), and numbness (2/47, 4.3%).
Discussion
This study addresses the activity and safety of the combination of weekly D with OXA in patients with untreated metastatic gastric cancer. Our experience confirms that a combination of weekly D with OXA is feasible and shows activity. The incidence of major grade 3/4 hematological and non-hematological events was \10%. Weekly D and OXA indeed demonstrated relatively low toxicity, and the Causes (before 1st evaluation)
Patient withdrawal 1
Acute appendicitis 1
Pneumonia (death) 1
Suspected CNS infection 1
Number of treatment cycles (median, range) 220 (4, 1-10)
ECOG PS Eastern Cooperative Oncology Group performance status, CNS central nervous system most common adverse event was fatigue in 70% patients, but in most of them it was grade I. Several phase II studies have been reported for D and OXA triweekly schedules for first-and second-line treatment in patients with advanced gastric cancer [15-17, 19, 20] . Richards et al. reported their response rate was 36% and the stable disease (SD) rate was 49%. The median progression-free survival (PFS) was 4.3 months and OS was 8.5 months. However, grade 3-4 neutropenia occurred in 70% of patients, although only five patients (7%) developed febrile neutropenia [15] . In a similar phase II trial of a triweekly DO schedule from Korea [16] , the results showed an overall response rate of 45.2%, and the median TTP and median OS were 5.7 (95% CI; 4.3-7.2) months and 9.9 (95% CI; 7.8-12.0) months, respectively. In this Korean study, grade 3/4 neutropenia occurred in 11 patients (26.1%) and febrile neutropenia was observed in four patients (9.5%). The most common non-hematological toxicity was fatigue (grade 1/2, 61.9%).
In a phase I/II study from Korea with D and OXA, OXA 130 mg/m 2 and D 75 mg/m 2 were recommended for the phase II study [19] . In regard to efficacy, the overall response rate was 55.3% (95% CI, 40.6-70.1%). The median OS was 12.7 months (95% CI 10.4-14.9). The most common hematological toxicity was grade 3-4 neutropenia, which occurred in 11 patients (23.4%) and in 13 of 259 cycles (5.0%); febrile neutropenia was observed in 7 patients (14.9%). Triweekly D and OXA as second-line treatment for advanced gastric cancer has also shown activity, but grade 3/4 bone marrow toxicity was more than 20% [17, 20] . Based on our findings and the literature, a D and OXA combination in weekly or triweekly schedules in patients with gastric cancer is feasible and active, but there is less bone marrow toxicity in a weekly schedule.
In the present study, the major grade 3/4 hematological toxicity was\10% and this was similar to data in the report Investigator's discretion 6
CI confidence interval of Graziano et al. [11] . However, fatigue was a common adverse event in this weekly schedule. In the literature, fatigue is indeed reported as a common adverse event and might be a barrier to the practical application of a weekly D schedule. This suggests that there is room for optimizing the schedule of D and OXA for planning subsequent treatments in gastric cancer [7] . The results of the V325 trial demonstrated that the addition of D to CF resulted not only in a higher response rate, but also in prolonged TTP and OS, improved quality of life, and greater clinical benefit [8] . However, the high incidence of grade 3-4 neutropenia (82%) and febrile neutropenia (29%) observed in the V325 study remains a concern. Modification of the DCF regimen to improve the toxicity profile while maintaining activity is an important issue [21] . Weekly infusion of D has become a good alternative to a triweekly D schedule.
A randomized phase II study of triweekly D with CDDP in gastric cancer has been reported [22] . The major grade 3/4 toxicity was that about 76% of the 38 patients had neutropenia, and 21% had neutropenic fever. The efficacy was also lower than that of D-CDDP and 5-FU. Triweekly D with CDDP was not recommended for further study. The REAL and AIO studies [12, 13] have shown that OXA has activity similar to that of CDDP in advanced gastric cancer, with less toxicity. It seems reasonable to combine D with OXA (replacing CDDP) in further studies.
In the present study, weekly D and OXA showed much lower hematological and non-hematological toxicity than triweekly D and OXA, but the efficacy of this regimen seems inferior to regimens that contain fluoropyrimidine. Based on these findings, a regimen of further weekly D and OXA with a fluoropyrimidine is worthy of further exploration. Weekly D 30 mg/m 2 on days 1 and 8 in combination with an oral fluoropyrimidine (capecitabine) 825 mg/ m 2 twice a day on days 1-14 every 21 days demonstrated an overall response rate of 32%, and median survival was 10 months [23] . The major grade 3/4 adverse events were diarrhea in 5 patients (13%) and hand-foot syndrome in 5 patients (13%). At present, OXA with oral capecitabine has become one of the common options in the first-line treatment of metastatic gastric cancer [13, 24, 25] . Weekly D combined with OXA and an oral 5-fluoropyrimidine may have good potential for further study to modify the high toxicity of DCF. A Taiwan multiple center phase II study of weekly D 30 mg/m 2 combined with CDDP 30 mg/m 2 and oral tegafur-uracil/leucovorin on days 1-14 every 21 days has been reported recently [26] . In this study the overall response rates of the evaluable and intent-to-treat (ITT) populations were 58% (95% CI 41-74) and 53% (95% CI 38-68), respectively. In the ITT analysis, the median TTP and OS were 6.8 and 13.9 months, respectively. However, the major grade 3-4 toxicities were neutropenia (51%), anemia (22%), diarrhea (16%), and infections (20%). No patient died of treatment-related toxicities. Weekly D and platinum with an oral fluoropyrimidine may be an alternative step for DCF modification. Recently, a phase III (ToGA) study demonstrated that trastuzumab in combination with chemotherapy could be considered as a new standard option for patients with HER2-positive advanced gastric or gastro-esophageal junction cancer [27] . In the ToGA study, the response rate of the chemotherapy arm with CDDP and capecitabine was only 35% and with 30% grade 3/4 neutropenia, that result was not so impressive. The search for a good partner with the targeted agent is still an important issue at the present time, and chemotherapy with better efficacy and lower toxicity will be a good option to improve the outcome of advanced gastric cancer in the future.
In conclusion, a weekly D and OXA combination for advanced gastric cancer is a good new option, and further studies of the combination together with a fluoropyrimidine are warranted.
